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(54) HARD MAGNETIC MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard magnetic material which is inexpensive and 
having excellent hard magnetic properties. 

SOLUTION: This hard magnetic material has a composition containing element T consisting of 
one or more elements among Fe, Co, and Ni, element R consisting of one or more kinds among 
rare earth elements, and B and also has a structure having, as main phase, a multi-phase 
structure consisting of T phase of <100nm average crystalline grain size, R2Fe14B1 phase of < 
lOOnm average crystalline grain size, and amorphous phase. Further, the average concentration 
of R in the amorphous phase is regulated so that it is lower than the average concentration of R 
in the R2Fel4Bl phase and higher than the average concentration of R in the T phase. 
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(54) ««1£:»|Bf 

(57) imm] 

«-*N-^*iWT-# Sip (c-r 6„ 

*|g?^<^Biei±tt-*^(l. Fe, Co, N 

iJi±»7C*R. *iJ;U«Bfr-&^, 1 0 0 n 

mWTcOTtSi:. ^i&^fa^S 1 0 0 n mJ^TWR 2F 

fftB't'WRcO¥i^jg^:d5^ R 2F e 14B iffitfi(ORroipi$j 
iiSJ;'?/h$<. X)>oTffi(f (OR ©5F*9SSJ; 
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[fft^Jlll Fe, Co, N i (0 9-^(^1 ffla±<7:)7t: 
^©Sl 0 OnmJWT(7:)R2F eHBitet. ^M^Unt 

[ff*ll2] Zr,Nb. Ta.Hf.V, Ti,M 

no 

IW^^3] Fe, Co, N i (7) 9 1 ffiiJil±t05c 

50 vol (i$:m) %&.±(o$^^^mm^^ts^ 

^^mMmir^Zt{zX^ . ^i^JSfs^^fll 0 0 n mW 
T<DTmt. ^^jSfsSif^l 0 0 nmJ!^T<7)R2F ei4 

F ei4Biffi<7)t!rai?aa[i:C7)|l7ii^5 0 0°CJ^TT'fc'5r 

Iff^Jl4] Fe, Co, n i (Doib(Dl^&.±(D7L 
*T. #±«7c;*(0 9^>^0 1ffi)^Ji(7)^^R. *:5j:O^B 
5 0 V o 1 %W±co#0^pKti^^tr^^^«l^5a 
S-r^r iridic. ^iS^feJEfll 0 0 nmJgJlT(^Tte 
0 0 nmiiJlT^7)R2F e HBiffit. 

•9. BUl5*f0'RtB^^C><^TtB<7)«faiZ&S:J^iTJ«R2Fe 
14Biffi<^tfffflfia^^5 0 0-100 Ot:T'S>5Ci:Sr 

[ff*JS6] Fe, Co, N i (Do'h(DlU&^±(DjQ 

mr. ^±mjtm(Doho:>im&.±(oytmR. :^xxfB 

0 0 nmi^TtOTtat, 

B^sfeif^l 0 0 nmiy.Tc7)R2F euBitat. ^^^U^t 

tfS5ft3l7] Fe. Co. N i (7)9-^C0 1ffiJ!Jjl±(7>7E 
^T. #&±^7C*c0 5^c7)iSiy.±(^)x:^Rs :^:5J:t>*B 

feiSf^l 0 0 nmi^Tt^R2F enBitet. ^feKtSi: 
cO^Sm^^itat Seeft I r irfSftlK^b I s t 
(Dltm I r/I s ;6?0. 6J^Jl±-Cfc5r <!rS:#m^ 

[ffjj^JSS] Fe. Co. N i (D 0^(0 1 mei±(07C 



(2) 

SIT. ^±m7x:m(ooh(oim&>±(D7LmR. fcit/B 

5 0 V o 1 %JeA±(7:)^faWt@^^tr^^^ 5 0 
0-100 OX:vm!il}imLXmhixtzZti:Wi^t-t^ 

IfS*iS9] Fe. Co. N i o:>oh(Oim^±o:>yc 

mr. ^±myzm(Doh(Dim&^±(^:^7tmR. ^^xxib 

^l^S^gfa^KtSl 0 0 nmtJlT<7)Tfflt. 
fsiafSl 0 0 nmJJJlT<^R2F e i4Biffl<t. ^fiSfflt 
otStama^^iffii: Tffl(7:)«:ffl55^^;!l^3 O-S 0% 

IS** 1 - 9 o:>\^^'rM^zw.is^(D^mmmc 

TxRzBwXv 

tztzL. TliFe, Co, N i (7:) 9 ^ 1 ffii^icOx;!^^ 
^:bL. R^i#±S7U*^7:)9 iaa±€r^^^L. X{i 
Cr. AK Pt. &±m<0 0 h 1 mil^irm-t 1 1 h 
(C. m^it^r^^x. z. w, v{tf^.^%X\ 
50^x. 3^2^15. 3^w^20. O^v^lO 

TxRzBwXv 

tLfzL. TIlFe. Co, N i (Dohl9&s±0:>ycm^ 

mi^L. Rit^±m7tm(ooibim^j.±^mt>L. xti 

Cr, AU Pt. &^m<Do'him)^±^^irtth 

tC. #lfi)cit^ir:-rx. z. w, v{tJf:^%T\ 
80^x^92, 4^z^l0. 3^w^7, O^v^ 

30 r 2 0 emu/ga±T'fc6wi:5r#m<i:'r'5lt4t 

31 1 - 9 (D\^^i'M^zmm(D^m\iuno 

TxRzBw 

fr/cL. TflFe, Co, N i CO 9 "^b 1 fti^iC^TC*^ 
**^L. Rfl#±a7C*(0 9-^lStA_b$:**^-rt ^ t 
tc, ffli^Rlt^^-rx, z. wfll^^%T\ 
86^x^92, 3^z^7, 3^w^7T-fc5o 

[ff^jfi 3] Ttfiffl^^^ff-r^r t^^m^i-^ 

TxMyRzBwXv 
40 tztzL. Tf^Fe. Co, N i (D 0 h 1 m&^±(0^m^ 
*:bL. MitZ r,Nb. Ta.Hf,V, Ti,M 

o. v^(Dohim&.±(D7tm^^tD\^^ Rit^±m7cm 

(DohlU&^±^^t>L. XfiCr. AU Pt. 6^ 
y, z. w. vitm^%X\ 

50^x. O^y^lO, 3Sz^l5. 3^w^2 
0. O^v^l OT'fcSo 

50 TxMyRzBwXv 
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3 

^wfe'L, TliFe, Co, hi i <O0hlU&L±<O7C^%: 
^ioL. MliZr, Nb, Ta, Hf, V. Ti, M 

©^*>l«tJl±S:^i:>L. XllCr. Al. Pt, 

y, z, w. vl-im^%X\ 

r;4?l 2 0 e m u / g WiT'fo^ i t ^Itmirl-'SW* 
« 1 ~ 9 (DV ^rtl-7!i>l:it£«<^5j!^tttm 
TxMyRzBw 

fcfc'L. TliFe, Co, N i ro^-fb lfllJW±fi07C*^ 
^tjL. M(4Zr, Nb, Ta. Hf, V, Ti, M 
o, WW^ *> iat^±03n^^^*pL. R<4#±«7C* 

y, z, wHJ^^%T\ 

86^x592, 0. 5^yg3, 3gz^7, 3^w 

its*« 1 6 J m^m 1 ~ 1 5 <D\,^-rfiMcmm(Dm 

mmm\cis\,-x. s i ^T5E*a^T-5jf^^^%jiiT^ 

umm 1 7 ] tmm i ~ i s roi ^-r n^i^ctBStos! 

JBttttilsHctJV^T. S i S:T7Ema«IT-0. 5~5I1^ 

[w*3S 1 8 ] M*^ 1 ~ 1 5 «v ^-fM^cmmmM 
m.mmizi6\,^x. s i ^TTcmmt^xo. s-aj®^- 

[!t*lI19] ft:^3^-t^/l'^'-|( (BH) niax74550 
[ft *5 2 0 ] lt*« 1 ~ 1 9 cOV^-f nA»{C|E«<^@! 

im^m 2 1 1 iS3jiJ* 1-19 ot^-fn/4»(cia«<7)i!s 

fS.mLxf£^zt^wmt-r^ mmmm. 
ift^^2 2 ] ^faKffl* 5 0 %^y.±^tF-B-^m^ 

L-CISftBicJF^Lr/iSr t?r#'(Si:-f-5s»*«l~l 9 
to 0 0 1 1 

mmm\cmL. m^^^-^-. Ti^^^^-^s^, xt° 
-:^-fj:t'\cimx'^^m%\±m^mtitzf^mmmM^ 

§ii-5. 

[0 0 0 2] 

«E*Wi-5iS:Er*t!iSti: LTtt. N.d-F e-Bg^^eS 
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4 

iSiL^'-^^m^(r>m^i>^^<ti:^tiX\^^?)o b/»»L/fc 
Nd. */tld:8J^^%tJl±roSm;J?i6:-®-C-fol9. i^iffi^i 

[0 0 0 31 
[0004] 

>/^5o FeSH^faKW^ (Fe-(Zr, 

Hf, Nb)-BW ^fRi^taa-rs:: tlcJ;oT#P>4x5 

(IfMVS - 9 3 2 4 9 » *|gB^ro5jlfia 

i§v^eHKm#tt^^i-R-F e-B^(D-^^«-)is}i: 

x\ v^m^ti:\^^mBiiiX'mtitzmn.!ii^mmhiii>h(ox 

■5 r t {d i o TiTS L < ^ilT-g: 5„ 
[0 0 0 51 ■t^j:ioh. 
0^cDfiiett*ti|S|-(4. Fe, Co, N i «0 5 *><0 1 «tA± 
Wtc^T, ^fr±^7n^<7?^*)roi«W±c07EI^R. *3J; 
40 I>'B^$.5^. ¥*9*SfBmil 0 0 nm&^Tt^Tfflt, ¥ 
i^Sigfa^^L^l 0 0 nmlil,T<75R2F e nBiffii:, 

ta + CDTE^RcOSpiSilgrji^ R2F e HBiti'f ^TcjgR 

ro5pi^iiSJ;t9/h$<. A^oTtif <735c»R<o¥J^igS 

r, Nb. Ta, Hf. V, Ti, Mo, W<0oh<01 

m&.±(D7tmM^^hi^-^AyX'l-XhX<. :Z(Om'kiC 
it. #^fBKta^^»7E;*M©^*D^«;i^ R2Fei4BiW 
so 4'<^7C*M(OJp*&iftSJ:f3/h$<, *»oTffi"=t'ro7E^M 
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X'mc^^^^J:<nit^ Zr. Nb, Ta. H f T'fo5, 
[0 0 0 6] *«W<DeHKtt«-ip|-(i> T. R. tJiVB 
Sr^^. 5 0 V o I %«Ji<75*S®*aSr^tf^^i£rlSlto 

faiBLfS 1 0 0 nmtATOR2F eHBitSi. ^faSffit 
W^tam^rita t -rs PigSr JF^fig-r S r t J; o -C$7- 

tlfffifiSt R2F e i4Biti(7)t/ftBja££i:c:)^/!)^ 5 0 0°C 

» ^fflJ ^ ■S r i: 7J> T- # . *7 * L V ^'^^tB*gfBt@ JK^fe ^ ti 
J;l>*R2F ei4Biffi<Otlftiliaa>4^5 0 0~ 1 0 0 CCT' 
5 r i: i o -C*^B^coS!^14W;|s|-Sr'#5»^ 

[0 0 0 7] :$i^m<Dmmm^mcxni-£. t. r. tj 

Sffiirro^tiffii^^itSi: I r ii^O. 8T 

Jg^Sfll 0 0 nmJ&^T(OR2F e HBiffiir. ^faWtS 
t(Ditm I r/I s«SO. 6JJA±Off4xfc@!^mil#tt 

^m-t^^m\i.un^mm.X'^?>o -(DXofimtitzi^ 

m^<^\^^^i-?)mm.mmit. #(ct. r. *;j;t>'b 

5 0 V o 1 %J[Ji±(0#^^K1f ^#tf-g-^5r5 0 

o~i 0 0 ox:x'^mm-t^^tiicx^xii-iL<nh 
ns, *«?^<oB!^K^4«■!^^-*5^^■r. t. r. tsiVB 

W-m'^ffaWi^l 0 O nm^J.T(r>Tmt. W-i&lB 
0 0 nmJiATcDR2F eHBiffit, ^^Wti t 
roffitam^^^tat i|#(CTtBO^«^^7!)?3 0~8 
0%T'&mJ. Tt@i:R2F eHBitadSA^JJ'ifiStiW^ 

-a-t^ffii^fo-5<or-$7* Ll\ 

[0 0 0 8] :^^m<Di^mmm(om^ L\^^mmi. t 

xRzBwXv ; X»iC r . AK Pt. e^l^<Z) 9 1 « 
£l±Sr^L. X, z. w, v(i!W.^%X\ 5 0^x, 3 
^zSl5. 3SwS20. OSvS 1 OT'^j^ls J: ►) 
$T4L<(48 0SxS9 2, 4^z^l0. 3^w^ 
7, Ogv^5T-*>?>. XSr^AP-r-Sr tfcJzoTSMJB 

Bw;x, z, wl4;^^%T\ 86SxS92. 3gz 
<7. 3 ^w^ 7 iri-ixlf, 1 2 0 e m u/gti±(OS 
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[0 0 0 91 *yt*Be^»s!est±Wf^(^«!7* Li^tefig 

TxMyRzBwXv ; X. y, z. w, v (±J1^% 
50^x, O^y^lO. 3Sz^l5, 3^w^ 
20, O^v^ 1 0T-fo«P, J:'3i7*L<»4. BO^x 

^92, lSy^5, 4^z^l0. 3Sw^7. 0^ 
v^Sr-fc'So ^PjIC, TxMyRzBw;x, y, z, w 
tlJ^^ %T\ 86^x^92. 0. 5gyS3, 3Sz 
^7. 3 ^w^ 7 t-rttl4\ 1 2 0 e mu/gJW±roift 

[0 0 1 01 ifcT5c^^^T-S i ^5J?,^-%WT, 
SL<«0. 5~5J^^-%, J;'9»*L<«40. 5~3 

m^^mtiHc. i6Xxf&:km%.^^^^i-^-m (bh) 

[0 0 1 1] *5ll^<75S!JKttWWcJ;ix»i> ft:*^!!!^^/!- 

=3S^-a (BH) max/il^ 5 0 k J /m3^Jg^5®iLfc@!^ 

20 ntm,-B-Lxis.mLxhx<. mnt:.f^m%¥fm^-t 

mHmhti^<ox-ifi-^ L\,\ 
[0 0 1 21 

^?&mi^^?>muiimm-i. Fe, co, Ni<^^*>« 

30 R, 4oJ;t>*B€:-^^. 0 0 nmiy,T«T 

ffiir, ¥±a^fB«ifll 0 0 nmiy.T»R2F e hBiIS 

[0 0 131 tE^TH. ;^|g0Jli»55Met4tt5|s|-(7?^/5)c 
^Xh'O. m^^UojimX'^^, TfDffifigltx^JiJB 

S-K«*7-* L < 14 5 0 a t %J!Jt±, J: <9 $7* L < 8 O 

a t %W± 9 2 a t %I^TX'h 9. 120emu/gj;i 

±coi^^^^ee^^: (i r) ^nm-r-si-ttse a t%t;^ 

±9 2 a t%&.Tt-r?><omj^L\'\ . *iSWK>BHK 
40 mmi^iS^^Xfi. 7LmT<D'Pti:< tii-ntLXF e 
/)'^'^t.ixx\^'^ztf>i-ii'mx'$)^. 
[0 0 14] Rii^±m^m (Sc. Y, La, Ce, 
Pr, Nd, Pm, Sm, Eu, Gd. Tb. Dy. H 
o, Er. Tm. Yb, *5j;t)«Lu) (D ^ 1b<r) I m&.± 
(OTtm^mioiro R t F e ir B t Sr^tf^^aK-^^^ii 

^^£m.&X'mm>Lfzt^iic^m-t?>^mmit^'^R 2F 

?>i><DX'h^. RomfiKJtz ^liJp$-ti:.5i:. -tixl^f* 
^Xi^famit (I r) ^m^Pir^o ^fcRii^^^Bm^M 
so !^Lg,\,^jtmX'h<0. R<Ofi&^itti'b^i§it'?>t0itn-ti: 
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OrgSli. y^t. L < 14 3 a t %Ui± 1 5 a t %\ikT ^ i 
9i?*U<l44 a t%a±l 0 a t%tATT-fof?, 1 2 

0 emu/giJil±(DiS5l'^«@fia{k (I r) SrH^-TSfC 
14 3 a t%lil±7a t %WTi: I"?. LV>a $ ?> 

10 0 15] *|g?B«e!^tttti^{C»4;f:'>*B;4<^jD$ 

e B t $:^tf*fB»lSS-ii9]/<f?aS-CAPS?iL7ti: 

Sr^#5fc«)(-^4. B«^^Sr3a t %J!^Jl±ti-2)(^^^a 

*n.\ 4fcB(7:)iisi)5)ctt (w) n^mz.^->xmm.\\L 

(Is), ^©^^t: ( I r ) . *3 it/f*^;'? ( i H c ) 

ro^S(4»* L < 14 2 0 a t %£jlT, J; "J L < (4 7 

a t%JWTi: $ix-5o 

10 0 16] ifc, *^§^(!05jHKttW4{>l(4. C r , A 
1, Pt. e^^W5*>iaJ!JA±»7C^XSr^APL-C't> 

i!lJft:1-S(7)T\ XjgS»4. $f4L<»4l 0 a t%JiilT. 
it)*?* L<(45 a t%JWTi:$n5. 2 0 em 

u/giJJl±(Offii.^J5@®{(; (I r) Sr^^-t-57t*lc: 
(4. X^?3s^PL/iV^;^;!i5»^ tv^ 

[0 0 17] s^fz-if-w^nmimmmt. 

Nb. Ta, Hf, V, Ti, Mo. WcO ^ 1 

±<7>5ft^MS:^A/T'V^Tt iV^ r P5(7?5E*f4^t^iaR 
ffMsM^i^ i« V ^ t w -e 5 o I- 5 fl^tt W^sf *3 

V^T. M^^jp-rsr ticj;!?. #±»7E;* (R) ;!i5ig; 

TC* (R) mj&T-M©ffifi)tlty ^Jf»D$-y:5i. 
l^-^XimmWi (I r) l41iiPi-S^V «e;f3 (iH 

5o 4fcT7C«eifeT'MSrlt*P$-lir.5t, t&fii^fk (I 

s) , W^mWL (I r) roJ^'>;0?^i:S„ LfC/i^-oT^ 
»i^£Sie^#tt$:#S3ti6{c:. Mrc>ga[{4. »iL<{4 

1 0 a t %tJLTv J: "9 b< (4 1 a t %KJl± 5 a t % 
K;lTir$tL. 1 20 emu/g£t±<73ffiV>3S®aft: (I 

r) ^lim-rSJtfe(:i|4 0. 5 a t %Je;l± 3 a x.%Wf 
T-fcSr i:/55$7i 7C^M(4. Zr, Nb. Ta, 
H f ;d?#(c:S!i*6<)t?fc 9 X mf>W7clSco p 1 Wti 

(0 0 181 ^m?i\m.^Wmm)iP<\-t. ±f5T. R. 
4oJ;l/B?r^^v $I-4L<(45 0 vo 1 "/oWJbcD^fpK 

0 0 n mt>lTro bcc-Fefflt, SFiS^fa^aS 10 0 
nmtiTroR2F e HBiffl^^ffl^-tir-SXS^SS ^ i: 
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too 1 9] mite^fB'H^i&^#5:^!*(4. iHl^Kyi^ 

[0 0 2 0] 'S^7^\-t-:^W'^o->mW^nP(ii^hU^m.^^ 
^^#faWti^5 0 V o 1 %^tfm-g-|C(4. rro^faW-a- 
i/\ fc5tM4. ^fB«-e-^^f£«WJpS?i^ST'llft*2:aL 

•9. %f:.{-i.m%m<r:>^mvi^bm.-^\^x. mi\^x\>^ 

20 V\ 

[0 0 2 1] *|gBJo^!l®^4^^^4^-*^^^Tl4, rtsioj: 

r/R2F e i4BitBO¥*S^H^Bfit^7)H^-fnt) 1 0 0 n m 
JWTT\ *>0^fBKffi4>»R(^¥±&)Ka>iV R2Fei4 
BifflifORro^J^jg^J: 9/h$< , Tl^oTtS'f'roRro 
¥l^Ji«i'9;*c^i'^::t;05^7-jLi\ */cT. R, B(7) 
tele, $f>tCM^#tpS-g-(w|4. #SKffi'^>(OM(^¥*& 
jSS;65^ R2F ei4Biffi"t'<7>M<0^*Sl}SSJ:'5'h$<. 

30 t>*#i=a4'(c*iit5#J®^coift«cD*jf^(4. #N^BK-a-^^ 

[0022] ■^fz.i^w^<Dwm.m^m^ii\<^x^-i.. 

^tR2F ei4Biti<OWtil£ai:W|i;4S5 0 CCJMTT- 
*)5 r L< . $ btc^Ji L< 14 2 0 O'Clit.TT- 

fcSo ^(Oj;9»-TtBOt(faj?fif£i:R2F ei4Biffi<7)tff 
i±ifiS t zJS^^tciSv ^ r t (ci J; 15 . J; 9 (£fiT-5t ICW til 
•r?)l=B(^J|Sfig*^««l;ie>4xS»-e, Tta*Jj:U5R2F e 
•10 I4Bi1=S(75Jp*S^fBfiiS755l,^-fnt 1 0 0 nmKXTT-fc 

Ttl*>J;t;^R2F ei4BiffiWt»faiiBaf4. -g-^iTJtt^lC 
ioT^fb-rS;*?, iT*L< »45 0 0~1 0 O OtT-fc 

-5, Lfc;45oT. #fBK-^^?r^A!iaLT*:^0^<O5HS 
ttWlS|.5r#6^cDjPi!ira^f4. 5 0 0-1 0 0 O-CcO® 

[0 0 2 3] ^h\z.i?-^m<r>wmmP(\z.ii\^x{t. m 

%Mm<r>t^^%n<r>^ =■ 'J -iaS/i^ 5 ot;j&^±T-fc5 r 

50 lc(4. r<Oj; 9'i3SK^4<^#^Kle7J5jii^u-cv^.5<^ 
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9 

[0 0 2 4] i7t*^9^(0@|fiatt*f^SH^*>(,>T(i, Tffi 
<OP^m^^*'^ 3 0 ~ 8 0 %T-fcS C t A?i7* tV ^ Tffi 

^i^it*:^;'? i H c ;!)<te< t£^, ip-^m^mmmm^c 

»J(9IC J; o T$iJffll-r 5 r i: ;4<r-# -5, 
[0 0 2 5] *l§HJ(cfi55@nKi4^f^(i, (»»m$r* 

m-r s c i: ic J: o r ^# p> n ^> '^«ffl ^c^t^ttta tmm'&m 

^klsirCOlt^ I r/I s ;J?0. 6 t;l±T-fc.5?Si® 
*:>C^^->'l'^'-|R (BH) max;i5 5 0 k J /m3 

[0 0 2 61 *|g?^(^)S!^Ktt^ti|SKcio^^T. S i 

He. *Jj;T>'ft;'^^m3i^,/Udi:— ^ (BH) max^r^ib 

fio. 5~3jg^%w«!iii: -&&(oaj«^^*aa 

[0 0 2 7] 

mLx\^^^cua-/u±^mm\^t^^m^'^mi-^tic 

V^T. 0f^(Z)£ST-iSi^)l 8 O^tamSSiaLTt^ #f>njt 
|*!|SKcoi>T, <8^#14ttVSM (SKii*i|SFSiK;/3H-) 
1 4 3 0 k A/m<75S7jp^a't'T-^f&(--CSy^ 

(di OtT'JCofco f^lpl-ldioTIi, 1 4 3 0 kA/m« 

10 0 2 8 1 HI 1 isit/ia 2 <±«.;^ii:^»sp^i*!isf(DFa 

essP r 7B5Wt><75, H 2 F e ssN b 2 P r 5B 

l«?^Oifia^<0®ffll^lc:fcSF essP r7B5. F e ggN b 



(6) 

10 

2P r 565(41. >-fixt. *±«5c*P r;4?5~7J®^-% 

[0 0 2 91 I213*;J;VI1I4J4. F e ssP r 7B5 dH 

3) roljHfgK^^flf^^ *3j;t>*F e 88Nb2P rsB 
5 (124) (D^^Bm-^^m^^. ^Dum^^T aX^iX 

i'ix^Mm Lxmhixtzm^nnoyxmmm^^i:^ l, 

fctWT-fcSo ia'=f>0«4b c c -F e lc:J:SlHlSff-^ 
Sr^^L. •14R2F ei4BilCj;SlHU>Tf-i'^^-t-, ^ 

•0 iXh(DmX'0. F e ggP r 7B5(C*3oTli6 5 O'CWflft 
F e88Nb2P r5B5(dfcoT(±7 0 CCW??* 
*!i®^(C*3l^-C. b c c-F etaioiO^F e 14P r2Bi 

ta^^WttlUTV^S - i/{i^S§*!)P5ix, bcc-Fetat. 
F e 14P r2Biffit. ^feKtBiD 3 tBSr^tS i L/c^ffi 

:^^m(Di&mp^<om.mci ''^xnmMm'^(r>xm 

•3. wW:^-a-(dl4b c c -F etat. R2Fei4Biffi 
F eaBtBt^fpKffii^^tai L/i1Sffim^«ig 

[0 0 3 Ol [21514. F e 88P r yBgro^B^K-g-ifeP? 
iSiO^F e88Nb2P r5B5»^B%W-a-^»^5: 

0 . 6 6 °C/#T-#fi Lfc i t <73D S C ftj^ ( Differen 
tial Scanning Caloriemeter: ^^^5>tlfH-Jil<t SS'JS 
fi) ^^-rtWT-fo-So - (DD S Cft*|(c:iol^T, Fe 
88F r7B5«#SK-a'^»^lifcoT(4. S^] 5 7 7'Cf^ 
iaiwb c c -F etB*JJ:l/F e 14P r 2B iffiOP^ffi^Ul 
»-r*P^fl!if-^';!)Sl.P>4xS„ Fe88Nb2Pr5 

30 c c -F et@<DWail'ff ^^^t°-^'/}?^Pjix. *^6 7 
7°C<^j5{iF e 14P r2Biffi<^Wtiit-{#5%f8it°-^'/!l^ 
M,^ix. b c c -F etawflfafiSt F e 14P r2Bita 

K>*ft±ijaSi»il/55*\i 1 0 o'cxh^zta^ioA^^o 

[0 0 3 1 1 lil6J4. F essP ryBstO^SK-g-^^ 
*5j;t>*F e88Nb2P r5B5(^^^B©-g-^»«:<Oa 

±# i: ir t (c^{t:l4^'> mi 2 TVXO t^j:^. r 

2 7'CT'*)9. ^ia'tJliT'fcSr t*s*:)*^-5o 5 
40 2 7-5 7 7t:<7)ii5?aic:t3V^T^{t:;65-ffiliJDLfcft. 
ST>*^'>tTV^#, *^8 2 7°CX0izfj:i>m\^r-M.hix 
5„ r (D r i: (4. #|:^Sffi(0«SB^a{li?&a;!i5)^^) 5 2 7-5 
7 7'CTfc«3. i^^taro:^f:xy-a^;5?i^8 2 7*CT*> 

[0 0 3 21 El 7 (4. F e 88P r 7B5<^#^W'S-^^ 
fcJ;t>-F e88Nb2P r sBs^^faH^^SI^iCO 

i>T. i^«LS^<^3^@iK{t: (I r) . mmmiti r 

mmit I s (mmm i 4 3 o k a) t <Dit {fk^tt ■. 

1 r/ I 1430) . tii.Xf1^mtl (iHc) OH&AltSiaK 
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6 5 0-80 ox:(omsix*mi-fmm%^mmhti. 

mii^\^<. F e88Nb2P rsBsCO^j&Sa^i: LT 
(0 0 3 31 121811. F essP r7B5(O^SS^^|»^ 

x\ (a) itM/^mm. (b) 116 5 ot:-cga*Ojafg. 

(c) fl8 0 0*'C-Cflft*QrS^04^SgSr^n-?n^-ro :i 

T*5«9. 6 5 O°CT^^j50:aLfcm (b) {1, bcc-F 
effi2. Fei4Fr2Biffi3. *5<t tJ^^faSffl 1 CO 3 ffl 

0t:iC?i6 (c) T(lb c c -F e c7)*gfB:JoJ:r/F e 14 
P r 2Bi(7:)3^fa;5i^jS:gL. t ^ if < o 

[0 0 3 4] g]9(i, 08 (b) , 'rfj:t>-he 5 oX:x 

mm^m^^i-h<DXh^o ^ytiaio (a) - (c) 
fi. 0 9^1(^,^3. 7. 5lc^o«t5-:^/ t'-A{cj:6E 

fib c c -F e ^.4. 7(1F e 14P r 2Biffl. ,^.5 

fl^H^BKffiT^fcSo Sfciai 0 J:J9#tStC*5tt5P rig 
ftfl. ^i/^JltCF e 14P r2BitgT'l 4. 11^^%. W 
B^H«t@T'll. 9I^>^%. bcc-FetST*0. 4/^^- 

[0 0 3 5] ^fcm 1 1 fl. BIB (c) . -t^J^t^hS 0 

{cx^mm^mi:7sk-th(DXh^. mi2 (a) , 

(b) fl. mil^CO^l, 2{C^n^EDS^^(D^^ 

fd. mi 4^(7).^. lflbcc-Fet@. .•^.2(1F e 14P 

fcP r SSllF e 14P r2BiffiT'l 2. 8W.^%. be 
c - F e tST'O. 7lg^-%-efcofc. 
[0 0 3 61 a 1 3fl, F e 88N b2P r 5B5(^^0^bK 

/tt.(DT\ (a) (i*.^ii:f^. (b) i^e 5 o°cxmM 

Wik. (c) fl7 5 0°CT'Si^JO:Stt(^)ibcffi. (d) H8 
5 0°CT^^4aSt^cot^cffi$:^n-t-'n^1-o rcQEltC;^^ 
n5J:9(C. F e88Nb2P r5B5(D^AS^^»^J- 
feoTfl. (a) Jl#f0Kffil;ir^JFM$nTi^ 

6 5 O^'CXmMmi.rzm (b) (1. bcc-Feffl 
2*5j;t>'F e 14P V 2Bim3:^>t>Tp^^VfttiLXtSfO . 

7 5 OXlXmil^tMLtcm (c) Jl. bcc-F eta 2. 
F e 14P r 2Bita3. <:fc t/^fsHtS 1 3 ^9;^)^ ^ /.^ 6 

8 5 0*CJC/^5 (d) T*(lb c c-F e(7)^^ioJ:t;^F 



(7) 

12 

/^orv^5. ifcF e -Nbffi4 t>wmLrv>6o 

[00371 |gll4*l. |gll3 (b). ir/j:ioh6 5 0 

x^mm^m^^^'ti>(ox»>^o ^tzmis (a) - 

(c) (1. mi 4 4'0,^. l-'3lC:Joft5EDS^tfft7)^^ 
S:Sr^n^'ix*-rti<?5T'fc6o 12 1 4^0.^. lUb c c 
-Feffi. ,^.2(1F e 14P r2Bift. 3 (l^N^SSfflT' 
fc6o P r«i££(l. ^l^UfCF e 14P r2BifflT*l 1. 
10 41^^%. #f0Wt@T-6. 5J^^%. bcc-Feffi-e 
2. Oi®^%T'foo/Co ^fcNbiiSfl. ^V^lPJ-^fs 
W+eT-2. 41^:^^%. Fe 14P r2Biti-ei, 5!^^ 

bcc-Fet@-Cl. 4l^-?-%T'foo/Co ^COt^tS 
T-fl^feKteiCjoCt^Nb^ffijO^ F e 14P r 2Biffi|C 
:^ott5Nb«SJ: ^9 t>fii< ^^oTV^^o 

[00381 mien. 11113 (c) . 't^J:t>h 7 5 0 

x^mm^m^^-thcox^v . mi 7 (a) , (b) 

fl. HI 1 6 4^<7).^. 1 , 2 5 E D S 5)-WcO*£mS:-e 

20 tl-?:'ix^i"t>«0"efo'5o lai 6 4^C0,^. Klb c c-F e 
tBT% .^,2(1F e 14P r 2Bifflr'^5o Pr?iSflFe 
14P r 2BitiT' 1 2. 0l^^%. bcc-Feffir'2. 
0J[g^-%T-^o/c, ^fcNbitffid. Fei4Pr2B 
Ita, b c c -F efflCOl^-rtLt 1 . 2J®^%T-fco 

fz^ mm7 (D'^^^^K.'^io^^t. c(7)t^flg[cioi^ 

[00391 |gll8fl. mis (d) . -t^J:t>h 8 5 0 

x^m.^^^m^f]^-th(Dxh^ . mi9 (a) - (c) 

30 (1. mi 8^1(7).^. 1, 2, 3iCiQ{t6ED S5>tff(7)J£^ 
Sr^ti-?:'n:^'rt><7)T'fc'5o HI 1 8 ff^T)^ 1 fib c c - 
FetB. ,^.2HF e 14P r 2Biffi. 3 flF e -~N b ft 
tSJ^nSNb y ^/^C7)fflr% ^feSffiflfi^ A.i:|g*!) 
hixfj:^^^tZo Pr^iSfl. F e 14P r 2BifflT' 1 4. 
11^^%. Fe-NbtSTO. 91^^%. bcc-Fe 
tST'O. 71^^%Trfco/Co S/bNb«*fl. Fe-N 
btS-C12. 4lS^%'efoi9. F e 14P r 2Bite:Jb^J:t>' 
b c c-F e^Xi-±lt3it/ut^0Xh-:>tlo ^(OXo{CN 
bSr^^-r^F e88Nb2P r sBsCO^SS-g^^^^fl 

40 F essP r 7B5tD^^BK^^^«(^W:-<T. J:»:if^i>ip 

UT:Jb^«9 . FessPryBs^t 

[0 0 4 011112 0(1. F e 88P r yBs^^^H^W'&i^W 
^$r6 5 Ot:T'|R\^SLTt#e>n/c^iett«f:f. ioiD^ 
F e88Nb2P r sBsfD^^nm^^M^^ 7 5 Ot:T'fS\ 

50 m{t\cm^^^m^^2m^^\.x\,^^:iti!>^t:>f)^^o * 
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bfl^hs rrof^jff:i5?F e 14P r2Bita»=Sr^ y — jaST* 

*>t), 8 0 7'C<^i£T-fi8i{k:«®'><7:)g-^t^;4<^{l:LTi^ 

$ 1/ > - t J; 5 1 <75 1 S*5tL5, 
[0 04 1] 12 2 Itt. F e 88P ryBsro^faS^^Sf 
^S:6 5 0*C-CfiiaaLT^e>4x/ieiettW4. fcitK 
F e88Nb2P r s'^^'^^^sW^^n^^ 7 5 CCTift 

Lfct>0-Cfc5. *y5:Ti5*llc« 

«o^^!tti4i: L-ct&ftj^ik 1 1430 (T) . nmmiti r 

(T) , jmUitl r tmmm\tl stWit^I r/I 
s. i^miliHQ (kA/m) . J;t>'*:kBS^i^^/l' 
(BH) max (k J /m3) i: . b c c - F e ti*; : 



74 

* iU^F e 14P r2BitB<03pl4)*§^!KE@i:, bcc-Fe 
ffl<^(*:8I»^^^-ro K^#ttWSiJ^li, VSM (Slf) 
l*J|SfS^;'3f+) ^rfflV^T. 1 4 3 0 k A/m(75En*Pm4i 

t>. Vl^|g^«l[S5 0 nmUiTK)b c c-F effiir. ^ 
*9?SfBSr^l 0 nmtAT<7)F e 14P r2Bitai:^WUT 
iJt). (*:««#5)-tA±;4^b c c -F eta-e*)oyt„ -t L 
Tl^-f*t<^e!IBtt«-i|Sf'b^ JKe«8{t/»U. 0TJW±, I 
r / I s 0. 7 UA±. ft>c:I^^>/^=¥-a75? 6 0 k J / 

[0 0 4 2] 
[*ll 





I W JQ 

(T) 


I r 
(T) 


Ir/Is 


i H c 


(BH)ma X 

<kJm-") 


(nin) 


^*(%) 


FeBsPryBs 
700-C 


1.45 


1.06 


0.73 


207 


60 


50(bcc-Fe) 
10(Fei4Pr2B) 


51 


FeasNbzPrsBs 
750t: 


1.58 


1.23 


0.78 


216 


LIO 


10-20(bcc-Fe) 
10(Fei4Pr2B) 


59 



[0 0 4 3j|122(i. F e86Nb2P ryBsl^FeS [* 2 ] 

LT. gafPa^bB s (T) « ^Se^kB r 30 
(T) . m^^inc (kA/m) . *J J; V*:*:!^^^! 
^./Wdf-a (BH) max (kj/m3) ^a'J^Lfc„ ISfa 
K-g-#»ffi(7)ift^!Q:S?a^(4 7 5 or t LfCo r<D^''7 7 

J; ^tC. S i ^*.JP L7t5j!fiS<4tt!^{Ciol 
t>^;'c^K^^^^>'^=¥-iB^ (BH) max;JS 5 0 k J /m3UA 
±roa»/iS!^^#tt/!i5Wf>n. mcF e 86N b2P r 7 
BslCS i ^2J®^%^ADLfcF e 84S i 2Nb2P r 7B 
5(CfeoT»±, i H c = 4. 05kA/m. 

^^ji^^yUdf-H (B H) max= 7 1. 0 5 k J /m^(D 

ffii^fc^^^>^l?^#'b^^fc„ « 

[0 0 4 4] Tfe*2~8{c, :*:|6^(:H=^-5#aia^!itO 
-a-^fC. F eSi^T-S i ^^jDLTt#f.nfc5j|fiati«-M 

-c. iSfna^HB s (T) . mmmitBr (T) . ^mti 

iHc (kA/m) . *iiT>**;)i:jKm^^^/l-^-« (B 
H) max (kj/m3) Lfc. 0 IC^S [0 0 4 6] 

«-a-^»^<ofiftiaaa iX) sr^-r. [«3] 

[0 0 4 5] 





Fes 8-xSixNb2Pr5B5 




x = 0 


x= 1 


x= 2 


B s 
(T) 


1.54(650) 


1.52(677) 


1.51(727) 


1.57(700) 


1.47(752) 


1.58(750) 


1.57(750) 


1.51(787) 




1,62(800) 






1.56(850) 






B r 
(T) 


1.26(650) 


1.30(577) 


1.23(727) 


1.29(700) 


1.24(752) 


1.28(750) 


1.23(750) 


1.15(787) 




1.23(800) 






1.06(850) 






iHc 
(kA/n) 


137.67(650) 


121.76(677) 


81.17(727) 


182.24(700) 


205.32(752) 


74.80(750) 


216.46(750) 


85.95(787) 




152.00(800) 






109.82(850) 






BHmax 


83.75(650) 


54.45(677) 


30.11(727) 


113.14(700) 


92.65(752) 


24.23(750) 


110.57(750) 


30.03(787) 




64.00(800) 






31.71(850) 
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15 16 







PeB6-xSixNb2Pr7B6 






x = 0 


x=0. 5 


x= 1 


x = 2 


Bs 


1.14(650) 


1.33(750) 


1-12(700) 


1.17(700) 


(T) 


1.17(700) 


1.33(800) 


1.31(750) 


1.29(750) 




1.34(750) 




1.29(780 


1.25(775) 




1.35(800) 




1.30(797) 


1.23(787) 




1.45(850) 




1.29(800) 


1.25(800) 


B r 


0.68(650) 


0.93(750) 


0.75(700) 


0.81(700) 


(T) 


0.78(700) 


0.94(800) 


0.93(750) 


0.92(750) 




0.93(750) 




0.94(781) 


0.92(775) 




0.89(800) 




0.94(797) 


0.90(787) 




0.84(850) 




0.93(800) 


0.90(800) 


i H c 


101.86(650) 


304.00(750) 


276.94(700) 


269.78(700) 


(kA/m) 


241.92(700) 


253.86(800) 


314.34(750) 


322.30(750) 




269.78(750) 




214.87(781) 


231.58(775) 




239.54(800) 




218.05(797) 


233.17(787) 




70.83(850) 




222.82(800) 


241.13(800) 


B Hmax 


16.61(650) 


54.01(750) 


42.25(700) 


47.75(700) 


(kJ/ra') 


38.50(700) 


50.23(800) 


69.50(750) 


71.50(750) 




53.93(750) 




42.40(781) 


45.69(775) 




40.36(800) 




40.61(797) 


49.39(787) 




10.31(850) 




41.20(800) 


55.23(800) 



I«4l 





Fese-KSixNbzPrTBs 




x = 3 


x = 4 


x=5 


x=6 


B s 
(T) 


1.33(700) 


1.30(750) 


1.29(750) 


1.33(750) 


1.32(750) 


1.28(800) 


1.31(800) 


1.35(800) 




1.29(771) 








1.28(787) 








1.26(800) 








B r 
(T) 


0.87(700) 


0,91(750) 


0.90(750) 


0.88(750) 


0.91(750) 


0.92(800) 


0.93(800) 


0.89(800) 


0.96(771) 








0.95(787) 








0.94(800) 








i H c 
(kA/m) 


133.69(700) 


292.06(750) 


280*92(750) 


245-90(750) 


240,33(750) 


223.62(800) 


202.93(800) 


203.72(800) 


226.80(771) 








237.15(787) 








311.95(800) 








BHmax 
(kJ/iD^) 


28-00(700) 


68,32(750) 


65.10(750) 


40.33(750) 


59.50(750) 


53.74(800) 


42.22(800) 


32,11(800) 


53.82(771) 








54.74(787) 








70.25(800) 









[0 0 4 7] 
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[0 0 4 8] 
1*6] 



17 



18 





Fesv-jcSixNbaPreBs 


x = 0 


x = 0. 5 


x= 1 


x = 2 


x = 4 


B s 
(T) 


1.47(750) 


1.46(750) 


1.41(750) 


1.48(750) 


1.46(750) 


1.39(800) 


1.47(800) 


1.46(800) 


1.40(800) 


1.44(800) 


Br 
(T) 


hl3(750) 


1.12(750) 


1.14(750) 


1.17(750) 


1.18(750) 


1.11(800) 


1.14(800) 


1.21(800) 


1.12(800) 


1.15(800) 


iHc 
(kA/n) 


249.88(750) 


290.47(750) 


294.45(750) 


263.41(750) 


252.27(750) 


228.39(800) 


219.64(800) 


204.52(800) 


239.54(800) 


167.12(800) 


BHmax 
(kJ/m') 


60.25(750) 


67.55(750) 


69,01(750) 


62.11(750) 


59.22(750) 


40.14(800) 


54.69(800) 


45.56(800) 


55.91(800) 


32.23(800) 



[0 0 4 9] 





Fe8 4-xSixNb2Pr7B7 


x = 0 


x= 1 


x= 4 


B s 
(T) 


1.20(750) 


1.21(750) 


1.23(750) 


1.22(800) 


1.19(800) 


1.18(800) 


Br 

(T) 


0,85(750) 


0.83(750) 


0.85(750) 


0,85(800) 


0.86(800) 


0.84(800) 


iHc 
(kA/ra) 


262.61(750) 


280.12(750) 


273.76(750) 


240.33(800) 


245.1U800) 


227.60(800) 


B Hoiax 
(kJ/m") 


42.44(750) 


60-56(750) 


56.67(750) 


38.65(800) 


55.91(800) 


43.21(800) 



[0 0 5 0] 





FeB6-KSixNb2Nd7B5 


x= 0 


x= 1 


x = 3 


x = 4 


B s 
(T) 


1.32(750) 


1.29(750) 


1.25(750) 


1.28(750) 


1.34(800) 


1.32(800) 


1.32(800) 


1.30(800) 


Br 

(T) 


0.84(750) 


0.83(750) 


0.90(750) 


0.91(750) 


0.81(800) 


0.85(800) 


0.90(800) 


0.89(800) 


iHc 
<kA/iD) 


257.84(750) 


306.38(750) 


300.02(750) 


271.37(750) 


225.01(800) 


239.54(800) 


193.38(800) 


217.25(800) 


BHmax 


45.54(750) 


63.30(750) 


59.85(750) 


49.33(750) 


34.11(800) 


40.95(800) 


33.93(800) 


28.24(800) 
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